Abstract
Introduction
Ventricular arrhythmias are a major public health problem and are common events leading to sudden death [1] . Most traditional pharmacological therapies for this condition have yielded disap-ing [9, 10] . In cardiac cells from newborn rats, disruption of microtubules has been found to stimulate the rate of spontaneous contraction [11] . Tubulin-binding agents that effectively stabilize microtubules have been reported to reverse adriamycin-induced arrhythmias and to affect the probability of eliciting stretchinduced arrhythmia in rabbits [11, 12] .
Ischemia is the most common cause of ventricular arrhythmias [13, 14] . Microtubule disruption has been implicated in the response to ischemia in cardiac myocytes [15] . Taxol is a common microtubule stabilizer, and its main mechanism of action is to promote tubulin polymerization and to stabilize existing microtubules [7] . However, the effects of Taxol on ischemic ventricular arrhythmias remain unknown.
Materials and methods

Establishment of the ischemic ventricular arrhythmia model
The ischemic ventricular arrhythmia model was established as previously described [16, 17] 
. Adult male Sprague-Dawley rats weighing 250-280 g were killed by stunning and cervical dislocation. Hearts were rapidly removed and placed in ice-cold Krebs-Henseleit (K-H) buffer containing the following (mM)
:
Assessment of arrhythmias and pharmacological intervention
Arrhythmias were determined and diagnosed in accordance with the Lambeth Convention criteria [18] . Experiments [19] .
Measurement of microtubule disruption
Measurement of infarct size
The myocardial infarction model was established as previously described [20] . The pharmacological intervention protocol is shown in Figure 1C . Briefly [22] . The sarcoplasmic reticulum membrane was prepared as previously described [22] Mitochondria from left ventricles subjected to the ischemia protocol were isolated as previously described [21] . Two (Fig. 2) . Figure 3A . Taxol (1 M) significantly reduced the infarct size in the isolated perfused rat heart subjected to 30 min. ischemia and 120 min. reperfusion compared with untreated ischemia/ reperfusion hearts (Fig. 3B) .
Measurement of reactive oxygen species (ROS) and activities of oxidative enzymes
Results
Taxol prevents ischemic ventricular arrhythmias
Taxol decreases infarct size
Taxol decreases the rise in [Ca
2ϩ
] i and preserves the amplitude and decay time of Ca 2ϩ transients during the condition of simulated ischemia.
Microtubules are important regulators of Ca
2ϩ handling in the heart, and abnormal calcium homeostasis plays a causal role in the genesis of arrhythmias [5, 23, 24] . Therefore, the effects of Taxol on calcium homeostasis in the condition of simulated ischemia were studied. During the condition of simulated ischemia, [Ca 2ϩ ]i was increased by 62% (P Ͻ 0.05) (Fig. 4A) (Fig. 4D ).
Taxol preserves SERCA2a activity during ischemia
SERCA2a mRNA and protein expression remained unchanged among the five groups studied (Fig. 5A-C control group, SERCA2a activity was significantly decreased in the ischemia group. Taxol preserved the activity of SERCA2a during ischemia (Fig. 5D ).
Taxol reduces ROS levels during ischemia
Microtubule disruption can be induced by oxidative stress, and Taxol is able to protect cultured adult mouse cardiac myocytes against oxidative stress induced by H2O2 [25, 26] . Oxidative stress plays a pivotal role in ventricular arrhythmias [17, 19, [27] [28] [29] [30] . Therefore, the effects of Taxol on ROS generation in ischemia were studied. ROS levels were found to be increased during ischemia, and Taxol reduced this increase in the qualitative evaluation (Fig. 6A) . Further study revealed that 0.1, 0.3 and 1 M Taxol reduced the level of ROS by 33%, 46% and 51%, respectively (P Ͻ 0.05) (Fig. 6 B) .
Taxol increases the activity of mitochondrial electron transport chain complexes I and III during ischemia
The enzyme activities of mitochondrial electron transport chain complexes I and III were decreased during ischemia when compared with the control group (P Ͻ 0.05) ( [21, [31] [32] [33] [34] . SERCA2a overexpression may effectively prevent ventricular arrhythmias [1, 31] . As predicted, the mRNA and protein levels of SERCA2a did not change after short ischemia. However, it was shown that SERCA2a activity was [17, 28] . In the present study, Taxol was found to be able to reduce the levels of ROS during ischemia. The main cardiac sources of ROS are the mitochondrial electron transport chain complex I, the mitochondrial electron transport chain complex III ominant endogenous antioxidant is SOD [28] . During ischemia, antioxidant defences are overwhelmed by excess ROS, resulting in serious cellular injuries [28] . Our data showed that the enzyme activities of mitochondrial electron transport chain complexes I and III were decreased during ischemia, consistent with previous studies [27, 35] [11] . Moreover, a previous study found that the probability of eliciting a stretch-induced arrhythmia increased in the hearts of rabbits treated with Taxol [12] . However, the present study found that the probability of eliciting ischemic ventricular arrhythmia decreased in rat hearts with Taxol. This difference may be attributed to the following reasons: (1) the Taxol doses used in this study are approximately one-tenth of those observed clinically in serum levels after continuous intravenous infusion, thus preventing the normal cardiac function from being affected [12] ; (2) arrhythmias in the present study were elicited by ischemia, whereas those in the previous study were elicited by stretch [12] . The mechanisms of stretch-induced arrhythmia and ischemiainduced arrhythmia are somewhat different. In addition, the species difference also needs to be considered. In the present study, Taxol was found to prevent ischemic ventricular arrhythmias in rats, which is consistent with the fact that microtubule integrity is important for cardio-protection [9, 10] .
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